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ABSTRACT
Breast-feeding has been linked to slowed postnatal growth. Although the basis for this "weanling’s
dilemma" is unclear, environmental contaminants in human milk may be of relevance. We studied a
Faroese birth cohort of 182 singleton children, born at term in 1994–95. Concentrations of mercury
in cord blood and of polychlorinated biphenyls in maternal milk were measured, and duration of
breast-feeding was recorded. At 18 months, children who had been exclusively breast-fed for at least
6 months weighed 0.59 kg less [95% confidence interval (CI) = 0.03, 1.16 kg] and were 1.50 cm
[95% CI = 0.52, 2.47 cm] shorter than those not breast-fed. However, calculated transfer of
contaminants from human milk fully explained the attenuated growth. Irrespective of duration of
breast-feeding, a doubling of the mercury concentration in cord blood was associated with a decrease
in weight at 18 months by 0.19 kg (95% CI = 0.03, 0.35 kg) and in height by 0.26 cm (95% CI = –
0.02, 0.55 cm). Weight and height at 42 months showed the same tendencies, but the main effect
occurred before 18 months of age. Thus, in communities with increased contaminant exposures,
risks associated with lactational transfer of toxicants to the infant must be considered when judging
the benefits of prolonged breast-feeding.
Key words: body weight • eicosapentaenoic acid • diet • postnatal growth • prenatal exposure
delayed effects

B

ecause of substantial benefits of breast-feeding to the infant and the mother, international
agencies recommend exclusive breast-feeding for 6 months, most recently confirmed at the
55th World Health Assembly in May 2002 (1). However, breast-feeding beyond a few
months appears to be associated with attenuated growth of the infant (2–5). The reasons for

this "weanling’s dilemma" are unclear (6,7), but caloric intake, nutritional deficiencies, and quality
of complementary foods are important considerations (5). Of potential relevance, lipophilic
environmental toxicants, including polychlorinated biphenyls (PCBs), are transferred through human
milk in concentrations in considerable excess of those normally occurring in food (8). In addition,
the infant’s elimination of methylmercury may be suppressed because breast-feeding causes a delay
in the colonization by demethylating bacteria of the gut, as demonstrated in a rodent model (9).
Prenatal exposure to methylmercury, PCB, and related contaminants has been linked to decreased
birth weight (10–12), and some studies have also shown that prenatal PCB exposure was associated
with delayed postnatal growth (13, 14). In addition, excess supply of eicosapentaenoic acid (EPA), a
polyunsaturated fatty acid mainly originating from seafood, may also adversely affect birth weight
(15) and postnatal growth (16).
In a prospectively followed Faroese birth cohort (15, 17), we have determined whether postnatal
growth was associated with prenatal and lactational exposures to PCB and methylmercury
originating from maternal seafood consumption. This cohort includes subjects with highly increased
contaminant exposures: The average cord blood mercury concentration is about four times the
recommended exposure limit recommended by the U.S. Environmental Protection Agency (18), and
the average PCB concentration exceeds levels elsewhere in Europe by about the same factor (19).
MATERIALS AND METHODS
Participants and design
A cohort of 182 singleton term births was established from consecutive spontaneous births during a
12-month period in 1994–95 at the National Hospital in Tórshavn, Faroe Islands (15, 17). To obtain
the widest possible range of contaminant exposures, the cohort was based on the primary hospital
catchment area away from the capital area of Tórshavn, that is, the central and northwestern villages,
where access to fish and whale is the easiest. Birth before the 36th week and congenital neurological
disease were used as exclusion criteria. Table 1 shows the major obstetric parameters for the 171
children examined at age 18 months.
As a measure of developmental methylmercury exposure, blood from the umbilical cord was
analyzed for total mercury (15); in five cases without a cord blood sample, the result was estimated
from the mercury concentration in maternal hair by using an average ratio of 210 (20).
Methylmercury concentrations in milk were not assessed, because the relatively high concentration
of inorganic mercury would require more complex speciation analysis (19). However, a previous
study in the same population had shown that the cord blood mercury concentration was a strong
predictor also of postnatal exposure to this substance, if the duration of breast-feeding was taken into
account (21).
Major PCB congeners were determined in transition milk and were expressed in relation to the lipid
concentration (15, 22). The total PCB concentration was calculated as the sum of congeners 138,
153, and 180 multiplied by 2.0 (19). In 12 cases without a milk sample, the result was estimated by
recovery adjustment of the lipid-based concentration in maternal serum obtained at the 34th week of
pregnancy (15, 23). As expected from the persistence of PCB in the body lipids, these two PCB

exposure biomarkers were closely associated (r = 0.91). When expressed on a lipid basis, the milk
PCB concentration, therefore, also reflects the prenatal exposure level.
For estimation of cumulated PCB after weaning, sufficient serum was obtained from 121 of the
children at age 54 months and was analyzed for PCB congeners (24). Because of the persistence of
PCB and the expected absence of PCB from baby food, the total PCB concentration (calculated as
above) in serum was thought to reflect the combined transplacental and lactational transfer.
Among essential fatty acid concentrations measured in cord serum, EPA was previously found to be
associated both with decreased birth weight and increased contaminant concentrations (15, 17). Fatty
acid concentrations were therefore considered in the statistical analyses, with EPA as an obligatory
covariate.
Clinical examinations were scheduled at 18 and 42 months of age, and the exact age (in days) was
recorded. Body weight (in kilograms with one digit after the decimal point) and standing height (in
centimeters) were measured by a pediatrician. The children were generally in good health, and no
medical reasons for growth impairment were identified. Duration of exclusive and supplemental
breast-feeding was recorded by interview of the mother 7 months after childbirth and at the clinical
examinations (data were missing in one case). Of the cohort members, 171 (94%) were examined at
age 18 months and 154 (85%) at age 42 months. The main reason for attrition was foreign residence.
Statistical analysis
Multiple regression analysis was used to determine the relative importance of relevant covariates as
predictors of the outcome parameters. We took into account all parameters significantly associated
with birth weight in this cohort (17) or otherwise known to affect postnatal growth (7, 25), that is,
gestational age, birth weight, sex, parity, maternal weight and height, gestational diabetes, maternal
smoking and alcohol use, and the child’s age at examination (in days). Models were generated by
using the anthropometric variables at 18 and 42 months as dependent variables, first with all
covariates selected a priori. By backward elimination, covariates were kept in the model if the P
value was <0.2; the robustness of the regression equations was tested by inclusion of removed
covariates one by one. The possible impact of EPA on the final regression equation was assessed by
including this parameter as an additional covariate, whereas the need to consider other
polyunsaturated fatty acids was determined from bivariate analyses.
Duration of breast-feeding and the individual exposure parameters were then examined as additional
independent variables. Contaminant concentrations showed skewed distributions and were
logarithmically transformed to obtain an improved fit of the models. An estimated dose via breastfeeding was computed by multiplying the concentration of PCB in milk by the duration of exclusive
breast-feeding. A similar proxy measure was generated by using the mercury concentration in cord
blood. Because of necessary logarithmic transformation, duration of breast-feeding was adjusted to
0.1 for mothers who did not breast-feed or only partially nursed their children. The impact of
lactational exposure was first considered alone, and significant associations were then explored by
including a parameter that reflected the prenatal exposure. Likewise, attempts were made to separate
the effects of methylmercury and PCB by including both in the same regression equation. Finally,
the child’s serum-PCB concentration at age 54 months was considered in separate analyses as a
measure of total accumulated absorption.

RESULTS
Body weight and height at 18 months were clearly associated with several predictors. Table 2 shows
the results for parameters that remained significant in the multiple regression models. Catch-up
growth in children of smoking mothers was statistically significant when birth size was taken into
account. Thus, the ~200 g deficit in birth weight in children of smoking mothers was fully recovered
by the age of 18 months. The same patterns were also apparent at 42 months.
Duration of breast-feeding varied substantially, but only 33 (18.2%) mothers breast-fed without
supplements for the recommended 6 months. Thirteen mothers (7.2%) did not provide exclusive
breast-feeding at all. Duration of breast-feeding was not associated with the indicators of prenatal
contaminant exposures. After adjustment for confounders, duration of breast-feeding was negatively
associated with body weight (Fig. 1) and height at 18 months. Regression analysis showed that
children who had been exclusively breast-fed for at least 6 months as recommended by WHO
weighed 0.59 kg less (95% confidence interval {CI}= 0.03, 1.16 kg) and were 1.50 cm (95% CI =
0.52, 2.47 cm) shorter at 18 months when compared with those not breast-fed. The findings at 42
months were similar, but these associations all but vanished if body size at 18 months was included
as a covariate.
Especially the cord blood mercury concentration was negatively associated with the 18-month
weight and height (Table 3). Despite the association between the two contaminants (r = 0.34), the
PCB concentration level was generally a less important predictor, and inclusion of this variable
changed the mercury associations only negligibly. The same was true for EPA, which itself remained
significant after confounder adjustment. Bivariate analyses indicated that none of the other fatty
acids measured in cord serum impacted on postnatal growth. Similar associations with the
contaminants were observed at 42 months (Table 3), but they almost completely disappeared when
adjusted for body size at 18 months.
The effect of lactational exposure alone was examined by using the product terms of contaminant
concentrations and the duration of exclusive breast-feeding (Table 3). Lactational exposure to both
mercury and PCB showed significant negative effects on both weight and height at 18 months.
Mercury remained significant when both contaminant parameters were included. A mercury effect
on weight was also significant at 42 months but again vanished if adjusted for the 18-month weight.
The prenatal and the calculated lactational exposure levels were clearly not independent, with
correlation coefficients of 0.59 and 0.47 for the pairs of mercury and PCB parameters, respectively.
Weight at 18 months was therefore examined in detail by multiple regression analyses. To reduce
collinearity problems, three different equations were developed (Table 4). Model 1 suggested that
both breast-feeding (P = 0.05) and prenatal methylmercury exposure (P = 0.02) may reduce body
weight. The regression coefficient of –0.63 for the mercury effect indicates that a doubled exposure
is associated with a decrease in weight by 0.19 kg (95% CI = 0.03, 0.35 kg). Similarly, height at 18
months was reduced by 0.26 cm (95% CI = –0.02, 0.55 cm) when mercury exposure was doubled.
The negative effect of breast-feeding as such was completely abolished (P = 0.88) by adjustment for
lactational mercury exposure (P = 0.02) (Table 4, Model 2), but the results did not allow
determination of the relative impact of the highly associated indicators of prenatal (P = 0.41) and
lactational (P = 0.10) mercury exposure (Model 3). Mercury exposure remained statistically

significant after adjustment for PCB. Again, regression results at age 42 months were similar if not
adjusted for body size at 18 months.
The lipid-based PCB concentration in serum at age 54 months was used as a proxy variable for
accumulated lactational exposure. This parameter showed a significant negative association with
weight and height at age 42 months. Because a heavier child with more body fat would also have a
greater distribution volume for lipophilic PCB, the ponderal index was included as a covariate in
addition to the confounders previously identified. This adjustment much reduced the regression
coefficients, but they remained significant (both at P = 0.008), and a doubled PCB exposure level
was associated with a decrease in 42-month weight by 0.30 kg (95% CI = 0.07, 0.55 kg) and in
height by 0.63 cm (95% CI = 0.13, 1.12 cm). Again, these associations almost disappeared when
adjusted for weight or height at 18 months. Adjustment for EPA did not affect any of the
associations observed.
DISCUSSION
This study involves a wide concentration range of the contaminants and durations of breast-feeding.
Although allowance must be made for the limited size of the cohort, the Faroese population is rather
homogenous (15, 17, 26), and nutritional deficiencies or other serious confounding in regard to
infant growth patterns would be unlikely in this Western, industrialized community.
In this prospective cohort study of term births, the environmental contaminants did not seem to
affect birth weight, perhaps due to the impact of the well-known prolonged gestation caused by
docosahexaenoic acid from seafood (17). The postnatal follow-up data replicated the expected (27,
28) catch-up growth of children of smoking mothers. Although maternal alcohol intake during
pregnancy may affect postnatal growth (29, 30), this population of mostly non-drinking mothers
(Table 1) did not show any such association.
The contaminant exposure biomarkers must be interpreted in light of the time of sample collection
and the known fate of the chemicals in the body (31, 32). The biological half-life of methylmercury
in the human body is probably ~45 days in adults (33), but it may be substantially longer in breastfed infants (9, 21). Half-lives of the most prevalent PCB congeners are thought to be several years
(34). Accordingly, PCB concentrations in maternal serum and milk correlated well, although
sampled several weeks apart. Thus, the biomarker for developmental PCB exposure would be less
likely to be affected by short-term changes in maternal intake levels. However, the accumulated dose
in the infant will be affected by the postnatal expansion of the lipid compartment during growth (32).
Such dilution will render the serum concentration a biased marker of the dose received. As expected,
the association between this exposure biomarker and body weight and height was substantially
reduced when adjusted for the body mass index. However, for the methylmercury biomarkers, no
such confounding is known, and any random imprecisions, especially related to the calculation of
lactational exposure levels, would likely bias the regression results toward the null hypothesis.
A different source of bias in this type of study relates to the possible differences in nutrients between
human milk and complementary foods and related caloric intakes (5,7). Thus, the term "weanling’s
dilemma" was originally introduced because human milk was thought to constitute an insufficient
source of nutrients after 3–4 months, while complementary foods in many developing countries were
considered unsafe (6). However, as human milk is now thought to provide sufficient amounts of

nutrients (5), the present study suggests that a "weanling’s dilemma" rather involves a choice
between a suboptimal supply of nutrients from supplements and an optimal nutrition coupled with
concomitant exposure to environmental pollutants in breast milk.
Poisoning episodes have documented adverse effects on postnatal growth associated with
developmental PCB exposure (35, 36), but the contaminant mixtures involved in these incidents
differed from those commonly occurring in human milk (8). Other studies reported somewhat
inconsistent effects of PCB on postnatal growth (13, 14, 37); concomitant exposures to
methylmercury and fatty acids were not considered. Experimental studies have shown a negative
effect of developmental PCB exposure on postnatal growth in primates (38, 39) and rodents (40,
41). Decreased postnatal weight gain has also been reported in rats in relation to maternal
methylmercury exposure (42,43). Unfortunately, this evidence does not allow a clear separation of
the impacts of prenatal and postnatal exposures.
Intrauterine contaminant exposures could possibly determine postnatal growth through prenatal
programming as suggested by long-term consequences of intrauterine growth retardation (44). Also,
birth weight remains an important predictor for height throughout childhood (45). In the present
study in a population with a high average birth weight, possible effects of contaminants on prenatal
growth could have been blurred by the effects of essential fatty acids from seafood (17). Thus, the
cord serum EPA concentration showed a negative effect on birth weight (17), and it remained an
independent predictor also of growth during the postnatal follow-up. This finding is in accordance
with observations from clinical trials using milk substitutes with an increased EPA concentration
(16).
A slight, negative effect on body weight alone does not necessarily suggest systemic toxicity, and
breast-feeding is indeed thought to protect against development of obesity (46). In addition, nursing
may well confer an advantage for growth during the first few months, although most data suggest
that continued breast-feeding has a negative effect that may also affect height (5, 7). Previous studies
in this field were conducted in countries where human milk contaminants must have included PCB
and pesticides (8), but the association has been attributed to differences in the risk of malnutrition,
possible confounding due to social deprivation, and perhaps in some cases a reverse causation (5, 7).
The present study conducted in a relatively homogeneous industrialized society without nutritional
deficiencies suggests that the list of possible causal factors should include human milk contaminants.
Exposures to seafood contaminants is a worldwide concern, and exposures similar to or in excess of
those recorded in the Faroes have been published from other communities with high seafood or
freshwater fish intakes (18, 37). The present study indicates that postnatal growth may be adversely
affected by exposure to methylmercury and PCB, which originate from maternal seafood diets. It
also suggests that the previously observed decreased growth in breast-fed infants could be at least
partially explained by environmental contaminants excreted by the mother into breast milk. Effects
on weight and height were most clear at age 18 months, but a lasting effect was suggested by the
similar associations that were apparent two years later. Although such effects may have been
detectable only because the present study included subjects with substantially increased exposures,
the safe margin for populations with lower exposures would seem to be rather slim.

ACKNOWLEDGMENTS
The work is supported by the European Commission (Environment and Climate Research
Programme, EV 5V-CT940472), the U.S. National Institute of Environmental Health Sciences
(NIEHS; ES06894), and the Danish Medical Research Council. We thank Mari Ann Ellendersen for
helping in maintaining the cohort, Brita Andersen for help with mercury analyses, Guido Ostendorp
for quality assurance of the milk PCB analyses, and Wayman Turner for the serum PCB analyses.
The contents of this paper are solely the responsibility of the authors and do not represent the official
views of the NIEHS, National Institutes of Health, or any other funding agency.
REFERENCES
1. World Health Assembly Resolution 25 (2002). Infant and young child nutrition. World Health
Organization, Geneva. URL: http://www.who.int/gb/EB_WHA/PDF/WHA55/ewha5525.pdf
(accessed, 3 June, 2002).
2. Dewey, K. G., Peerson, J. M., Brown, K. H., Krebs, N. F., Michaelsen, K. F., Persson, L. A.,
Salmenpera, L., Whitehead, R. G., and Yeung, D. L. (1995) Growth of breast-fed infants
deviates from current reference data: a pooled analysis of US, Canadian, and European data sets.
World Health Organization Working Group on Infant Growth. Pediatrics 96, 495–503
3. Nielsen, G. A., Thomsen, B. L., and Michaelsen, K. F. (1998) Influence of breastfeeding and
complementary food on growth between 5 and 10 months. Acta Paediatr. 87, 911–917
4. Haschke, F., and van't Hof, M.A. (2000) Euro-Growth references for breast-fed boys and girls:
influence of breast-feeding and solids on growth until 36 months of age. Euro-Growth Study
Group. J. Pediatr. Gastroenterol. Nutr. 31 Suppl 1, S60-71
5. Kramer, M. S., and Kakuma, R. (2002) Optimal duration of exclusive breastfeeding (Cochrane
Review). In The Cochrane Library, Issue 2. Update Software, Oxford
6. Rowland, M. G. (1986) The weanling's dilemma: are we making progress? Acta Paediatr. Scand.
Suppl. 323, 33–42
7. Martin, R. M. (2001) Commentary: Does breastfeeding for longer cause children to be shorter?
Int. J. Epidemiol. 30, 481–484
8. Jensen, A. A., and Slovach, S. eds. (1991) Chemical contaminants in human milk. CRC Press,
Boca Raton, Florida
9. Rowland, I. R., Robinson, R. D., and Doherty, R. A. (1984) Effects of diet on mercury
metabolism and excretion in mice given methylmercury: role of gut flora. Arch. Environ. Health
39, 401–408
10. Fein, G. G., Jacobson, J. L., Jacobson, S. W., Schwartz, P. M., and Dowler, J. K. (1984) Prenatal
exposure to polychlorinated biphenyls: Effects on birth size and gestational age. J. Pediatr. 105,
315–320

11. Sauer, P. J. J., Huisman, M., Koopman-Esseboom, C., Morse, D. C., Smits-van Prooije, A. E.,
van de Berg, K. J., Tuinstra, L. G. M. T., van der Paauw, C. G., Boersma, E. R., WeisglasKuperus, N., et al. (1994) Effects of polychlorinated biphenyls (PCBs) and dioxins on growth
and development. Hum. Exp. Toxicol. 13, 900–906
12. Foldspang, A., and Hansen, J. C. (1990) Dietary intake of methylmercury as a correlate of
gestational length and birth weight among newborns in Greenland. Am. J. Epidemiol. 132, 310–
317
13. Jacobson, J. L., Jacobson, S. W., and Humphrey, H. E. (1990) Effects of exposure to PCBs and
related compounds on growth and activity in children. Neurotoxicol. Teratol. 12, 319–326
14. Patandin, S., Koopman-Esseboom, C., de Ridder, M. A., Weisglas-Kuperus, N., and Sauer, P. J.
(1998) Effects of environmental exposure to polychlorinated biphenyls and dioxins on birth size
and growth in Dutch children. Pediatr. Res. 44, 538–545
15. Steuerwald, U., Weihe, P., Jørgensen, P. J., Bjerve, K., Brock, J., Heinzow, B., Budtz-Jørgensen,
E., and Grandjean, P. (2000) Maternal seafood diet, methylmercury exposure, and neonatal
neurological function. J. Pediatr. 136, 599–605
16. Lapillonne, A., and Carlson, S. E. (2001) Polyunsaturated fatty acids and infant growth. Lipids
36, 901–911
17. Grandjean, P., Bjerve, K., Weihe, P., and Steuerwald, U. (2001) Duration of pregnancy, birth
weight and placenta weight in relation to maternal marine diet. Int. J. Epidemiol. 30, 1272–1278
18. National Research Council (2000). Toxicological Effects of Methylmercury. National Academy
Press, Washington, DC
19. Grandjean, P., Weihe, P., Needham, L. L., Burse, V. W., Patterson, D. G., Jr., Sampson, E. J.,
Jørgensen, P. J., and Vahter, M. (1995) Effect of a seafood diet on mercury, selenium, arsenic,
and PCBs and other organochlorines in human milk. Environ. Res. 71, 29–38
20. Grandjean, P., Weihe, P., Jørgensen, P. J., Clarkson, T., Cernichiari, E., and Viderø, T. (1992)
Impact of maternal seafood diet on fetal exposure to mercury, selenium, and lead. Arch. Environ.
Health 47, 185–195
21. Grandjean, P., Jørgensen, P. J., and Weihe, P. (1994) Human milk as a source of methylmercury
exposure in infants. Environ. Health Perspect. 102, 74–77
22. Schade, G., and Heinzow, B. (1998) Organochlorine pesticides and polychlorinated biphenyls in
human milk of mothers living in Northern Germany: Current extent of contamination, time trend
from 1986 to 1997, and factors that influence the levels of contamination. Sci. Total Environ.
215, 31–39
23. Brock, J., Burse, V. W., Ashley, D. L., Najam, A. R., Green, V. E., Korver, M. P., Powell, M.
K., Hodge, C. C., and Needham, L. L. (1996) An improved analysis for chlorinated pesticides

and polychlorinated biphenyls (PCBs) in human and bovine sera using solid-phase extraction. J.
Anal. Toxicol. 20, 528–536
24. Turner, W., DiPietro, E., Lapeza, C., Green, V., Gill, J., and Patterson, D. G., Jr. (1997) A fast
universal automated cleanup system for the isotope-dilution high-resolution mass spectrometric
analysis of PCDDs, PCDFs, coplanar PCBs, PCB congeners, and persistent pesticides from the
same serum sample. Organohalogen Compd 31, 26–31
25. Delemarre-van de Waal, H. A. (1993) Environmental factors influencing growth and pubertal
development. Environ. Health Perspect. 101, Suppl. 2, 39–44
26. Grandjean, P., and Weihe, P. (1993) Neurobehavioral effects of intrauterine mercury exposure:
potential sources of bias. Environ. Res. 61, 176–183
27. Conter, V., Cortinovis, I., Rogari, P., and Riva, L. (1995) Weight growth in infants born to
mothers who smoked during pregnancy. BMJ 310, 768–771
28. Boshuizen, H. C., Verkerk, P. H., Reerink, J. D., Herngreen, W. P., Zaadstra, B. M., and
Verloove-Vanhorick, S. P. (1998) Maternal smoking during lactation: relation to growth during
the first year of life in a Dutch birth cohort. Am. J. Epidemiol. 147, 117–126
29. Day, N. L., Zuo, Y., Richardson, G. A., Goldschmidt, L., Larkby, C. A., and Cornelius, M. D.
(1999) Prenatal alcohol use and offspring size at 10 years of age. Alcohol. Clin. Exp. Res. 23,
863–869
30. Larroque, B., and Kaminski, M. (1998) Prenatal alcohol exposure and development at preschool
age: main results of a French study. Alcohol Clin. Exp. Res. 22, 295–303
31. Grandjean, P., Jørgensen, P. J., and Weihe, P. (2002) Validity of mercury exposure biomarkers.
In Biomarkers of Environmentally Associated Disease (Wilson, S.H. and Suk, W.A., eds) CRC
Press/Lewis Publishers, Boca Raton, Florida, pp. 235-247
32. Grandjean, P., Kimbrough, R. D., Rantanen, J., Tarkowski, S., and Yrjänheikki, E. (1988)
Assessment of health risks in infants associated with exposure to PCBs, PCDDs and PCDFs in
breast milk (Environmental Health No. 29). World Health Organization, Regional Office for
Europe, Copenhagen
33. Smith, J. C., and Farris, F. F. (1996) Methyl mercury pharmacokinetics in man: a reevaluation.
Toxicol. Appl. Pharmacol. 137, 245–252
34. Hovinga, M. E., Sowers, M., and Humphrey, H. E. (1992) Historical changes in serum PCB and
DDT levels in an environmentally-exposed cohort. Arch. Environ. Contam. Toxicol. 22, 362–366
35. Lan, S. J., Yen, Y. Y., Ko, Y. C., and Chen, E. R. (1989) Growth and development of permanent
teeth germ of transplacental Yu-Cheng babies in Taiwan. Bull. Environ. Contam. Toxicol. 42,
931–934

36. Guo, Y. L., Lambert, G. H., and Hsu, C. C. (1995) Growth abnormalities in the population
exposed in utero and early postnatally to polychlorinated biphenyls and dibenzofurans. Environ.
Health Perspect. 103, Suppl 6, 117–122
37. Rogan, W. J., Gladen, B. C., McKinney, J. D., Carreras, N., Hardy, P., Thullen, J., Tingelstad, J.,
and Tully, M. (1987) Polychlorinated biphenyls (PCBs) and dichlorodiphenyl dichloroethene
(DDE) in human milk: effects on growth, morbidity, and duration of lactation. Am. J. Public
Health 77, 1294–1297
38. Lewis, D. S., Bertrand, H. A., McMahan, C. A., McGill, H. C., Jr., Carey, K. D., and Masoro, E.
J. (1986) Preweaning food intake influences the adiposity of young adult baboons. J. Clin.
Invest. 78, 899–905
39. Allen, J. R., Barsotti, D. A., and Carstens, L. A. (1980) Residual effects of polychlorinated
biphenyls on adult nonhuman primates and their offspring. J. Toxicol. Environ. Health 6, 55–66
40. Brezner, E., Terkel, J., and Perry, A. S. (1984) The effect of Aroclor 1254 (PCB) on the
physiology of reproduction in the female rat I. Comp. Biochem. Physiol. C 77, 65–70
41. Kaya, H., Hany, J., Fastabend, A., Roth-Harer, A., Winneke, G., and Lilienthal, H. (2002)
Effects of maternal exposure to a reconstituted mixture of polychlorinated biphenyls on sexdependent behaviors and steroid hormone concentrations in rats: dose-response relationship.
Toxicol. Appl. Pharmacol. 178, 71–81
42. Vorhees, C. V. (1985) Behavioral effects of prenatal methylmercury in rats: a parallel trial to the
Collaborative Behavioral Teratology Study. Neurobehav. Toxicol. Teratol. 7, 717–725
43. Fredriksson, A., Gardlund, A. T., Bergman, K., Oskarsson, A., Ohlin, B., Danielsson, B., and
Archer, T. (1993) Effects of maternal dietary supplementation with selenite on the postnatal
development of rat offspring exposed to methyl mercury in utero. Pharmacol. Toxicol. 72, 377–
382
44. Strauss, R. S. (1997) Effects of intrauterine environment on childhood growth. Br. Med. Bull. 53,
81–95
45. Karlberg, J., and Luo, Z. C. (2000) Foetal size to final height. Acta Paediatr. 89, 632–636
46. Armstrong, J., and Reilly, J. J. (2002) Breastfeeding and lowering the risk of childhood obesity.
Lancet 359, 2003–2004
Received August 21, 2002; accepted December 20, 2002.

Table 1
Characteristics of 171 children from the birth cohort included in postnatal follow-upa

Variable

Maternal age in years
Previous births (none /one/at least two in %)

28.1 + 5.8
28.7 / 28.1 / 43.2

Smoking during pregnancy (no/yes in %)

67.3 / 32.7

Alcohol consumption (never/ever in %)

87.1 / 12.9

Gestational age in weeks

39.6 + 1.3

Mercury concentration in cord blood in µg/lc
∑PCBb concentration in maternal milk in µg/g lipidc

20.3 (1.9-102)
1.52 (0.07-18.5)

Eicosapentaenoic acid concentration in cord serum phospholipids in %c

0.63 + 0.28

Birth weight in g

3678 + 486

Length at 2 weeks in cm

54.8 + 2.1

Duration of exclusive breast-feeding in months

3.5 + 2.0

Duration of total breast-feeding in months

7.8 + 5.7

∑PCB concentration in serum from age 54 months in µg/g lipidc

0.98 (0.10-7.1)

Age at 18-month examination in months

18.0 + 0.3

Body weight at 18 months in kg

12.0 + 1.4

Height at 18 months in cm

82.0 + 2.6

Age at 42-month examination in months

41.6 + 1.0

Body weight at 42 months in kg

16.4 + 1.8

Height at 42 months in cm

a

100.3 + 3.6

Data in given as mean + SD unless otherwise indicated. bSum of the major polychlorinated biphenyl congeners 138, 153,
and 180 multiplied by 2.0. cGeometric mean; range in parenthesis

Table 2
Body weight and height at age 18 months according to main predictors studieda

n

Sex
Boy
Girl
Birth weight (g)
2500–2999
3000–3499
3500–3999
4000–4499
>4500
Maternal height (cm)
<155
156–160
161–165
166–170
>170

Weight (kg)

Pb

Height (cm)

0.0005
88
83

12.34 (1.41)
11.60 (1.26)

0.0006
82.65 (2.44)
81.30 (2.61)

<0.0001

<0.0001

11
46
65

10.69 (1.07)
11.58 (1.52)
12.31 (1.28)

79.36 (2.25)
81.02 (2.89)
82.60 (2.11)

37
12

12.15 (1.11)
12.38 (1.57)

82.38 (2.40)
83.67 (2.15)
<0.0001

11
41
55
42
21

Maternal smoking during pregnancy
Yes
115
No
56

11.04 (0.62)
11.54 (1.35)
11.88 (1.30)
12.40 (1.27)
12.79 (1.62)

<0.0001
79.82 (2.60)
81.26 (2.42)
81.51 (2.45)
82.98 (1.99)
83.86 (2.87)

0.22
11.89 (1.43)
12.16 (1.28)

0.28
81.84 (2.78)
82.30 (2.20)

Concentration of eicosapentaenoic acid in cord serum phospholipids (%)
0.0051
<0.43
0.44–0.58
0.59–0.77
>0.78

a

37
38
37
34

12.34 (1.49)
12.19 (1.47)
11.80 (1.24)
11.61 (1.43)

Pb

0.052
82.11 (3.02)
82.71 (2.19)
81.46 (2.56)
81.32 (2.86)

Data are mean (SD). bAnalysis of variance (categorical predictors) and regression analysis (continuous variables).

Table 3
Adjusted change (95% confidence interval) in weight and height at ages 18 months and 42 months at a
10-fold increased exposure to mercury and PCB prenatally and via breast-feedinga

Mercury

PCB

Prenatal
Age 18 months (n = 171)
Weight (kg)
Height (cm)

–0.63 (–1.17, –0.09)
–0.88 (–1.85, 0.09)

–0.31 (–0.88, 0.25)
–0.75 (–1.74, 0.25)

Age 42 months (n = 154)
Weight (kg)

–0.80 (–1.56, –0.04)

–0.03 (–0.79, 0.73)

–0.97 (–2.42, 0.49)

–0.71 (–2.08, 0.82)

Age 18 months (n = 171)
Weight (kg)
Height (cm)

–0.45 (–0.77, –0.12)
–0.73 (–1.30, –0.16)

–0.43 (–0.79, –0.06)
–0.88 (-1.52, –0.24)

Age 42 months (n = 154)
Weight (kg)
Height (cm)

–0.46 (–0.88, –0.03)
–0.34 (–1.16, 0.48)

–0.27 (–0.74, 0.20)
–0.33 (–1.24, 0.57)

Height (cm)
Lactational

a

Results are calculated as regression coefficients adjusted for birth weight, sex, maternal height, smoking, and age (in
days) at the 42-month examination. Prenatal exposure indicators are the mercury concentration in cord blood and the
lipid-based ∑PCB concentration in maternal milk. Lactational exposures are calculated as the same parameters multiplied
by duration of exclusive breast-feeding.

Table 4
Adjusted change (95% confidence interval) in weight (kg) at age 18 months per month of exclusive
breast-feeding and 10-fold increase in methylmercury exposurea

Variable

Model 1

Duration of breast-feeding (mo)

–0.09 (–0.19, –0.00)

Prenatal mercury exposureb

–0.63 (–1.16, –0.09)

Mercury from breast-feedingc

a

Model 2

–0.01 (–0.14, 0.12)
–0.28 (–0.96, 0.39)
–0.43 (–0.87, 0.02)

Results are adjusted for sex, birth weight, maternal height, and smoking during pregnancy.
Cord blood mercury concentration.
C
Cord blood mercury concentration multiplied by duration of exclusive breast-feeding.

b

Model 3

–0.34 (–0.75, 0.06)

Fig. 1

Figure 1. Mean (SEM) weight at 18 months of age adjusted to average birth weight and maternal height, boy and
nonsmoking mother, in relation to duration of exclusive breast-feeding (P for trend = 0.04). Also shown is the
regression line after adjustment also for lactational methylmercury exposure (P for trend = 0.88).

